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Description 

[0001] This invention relates generally to multicolor 
image printing, and more particularly to a wide area 
beam sensing method and apparatus for image regis- 
tration calibration in a full color printing machine. 
[0002] Several methods are known for producing mul- 
ticolor images. One multicolor image production meth- 
od, for example, involves a process utilizing a plurality 
of different color toner development units, a single pho- 
toreceptor, and a multiple image frames single pass ap- 
proach, in which a single color process is repeated for 
three or four cycles. In each cycle, a component latent 
image of a composite multicolor final color is formed, 
and a toner of a different color is used to develop the 
component latent image. Each developed component 
image, as such, is transferred to the copy sheet. The 
process is repeated, for example, for cyan, magenta, 
yellow and black toner particles, with each color toner 
component image being sequentially transferred to the 
copy sheet in superimposed registration with the toner 
image previously transferred thereto. In this way, sever- 
al toner component images, as are in the composite im- 
age, are transferred sequentially to the copy sheet, and 
can then be heated and permanently fused to the sheet. 
[0003] A second method for producing color copies 
involves what is referred to as the tandem method which 
utilizes a plurality of independent imaging units for form- 
ing and developing latent component images, and a 
moving image receiving member, such as an intermedi- 
ate transfer roller or belt. In this method, the toned or 
developed component images from the imaging units 
are transferred in superimposed registration with one 
another to the intermediate roller or belt, thereby forming 
the multicolor composite image on the belt or roller. The 35 
composite image then can be transferred in one step to 
a sheet of copy paper for subsequent fusing. 
[0004] A third method for producing color copies in- 
volves a single frame, single pass Recharge, Expose, 
and Develop (REaD) process. The REaD process uses *o 
a single photoreceptor, a single imagrframe thereon, 
and four imaging units each including imagewise expo- 
sure means and a development station containing a dif- 
ferent color toner of cyan, magenta, yellow or black. A 
composite subtractive multicolor image can thus be pro- 45 
duced in a single pass, and on the single frame by charg- 
ing, exposing and developing, then recharging, expos- 
ing and developing again utilizing this Recharge, Ex- 
pose, and Develop (REaD) process architecture. In this 
process, a digital version of the original or document is 50 
created pixel by pixel at a computer workstation or by a 
scanner. When created by scanning, light reflected from 
the original or document is first converted into an elec- 
trical signal by a raster input scanner (RIS), subjected 
to image processing, then reconverted into a light, pixel 55 
by pixel, by a raster output scanner (ROS). In either 
case, the ROS exposes the charged photoconductive 
surface to record a latent image thereon corresponding 



to the subtractive color of one of the colors of the appro- 
priately colored toner particles at a first development 
station. The photoconductive surface with the devel- 
oped image thereon is recharged and re-exposed to 
5 record a latent image thereon corresponding to the sub- 
tractive primary of another color of the original. This la- 
tent image is developed with appropriately colored ton- 
er. This process (REaD) is repeated until all the different 
color toner layers are deposited in superimposed regis- 
io tration with one another on the photoconductive surface. 
The multi-layered toner image is transferred from the 
photoconductive surface to a sheet of copy paper. 
Thereafter, the toner image is fused to the sheet of copy 
paper to form a color copy of the original. The REaD 
process can also be performed as a multiple pass proc- 
ess. 

[0005] In color printing methods involving the forming 
and transferring of color component images in superim- 
posed registration with one another, precise registration 
of the images is usually very important and can present 
a difficult problem to overcome, in order to deliver good 
quality color images, strict specifications are imposed 
on the accuracy with which a color image output terminal 
superimposes the various color separations. 
[0006] Registration errors, for example, can arise 
from motion errors of the image receiving members, and 
from any mismatch between individual color separa- 
tions. 

[0007] In tandem color image printers or output termi- 
nals, where the component color images or color sepa- 
rations are generated and developed on individual pho- 
toreceptors before being transferred to an intermediate 
belt, a mismatch in the motion errors of the photorecep- 
tors can also contribute to misregistration. One cause 
of misregistration in such printers is associated with any 
eccentricity and wobble of the any of the photorecep- 
tors. Motion mismatch errors, for example, contribute to 
misregistration in the process direction. Photoreceptor 
eccentricity contributes to variable lateral magnification 
errors which show up as misregistration^ and wobble 
contributes to perceivable variations in lateral registra- 
tion. 

[0008] One known technique for improving registra- 
tion is described in US-A-4, 903,067 and involves the 
use of a marking system and a detector for measuring 
alignment errors and mechanically moving individual 
color separation imaging units to correct misalignment. 
However, such corrections cannot compensate for the 
errors introduced by mismatch in the velocity variations 
of the photoreceptors because these errors differ both 
in phase and magnitude and are in no way steady or 
synchronous with the image transfer pitch. For example, 
a photoreceptor drum characterized by an eccentricity 
and wobble may rotate with an instantaneous rotational 
velocity that repeatedly varies as a function of the rota- 
tional phase angle such that an average rotational ve- 
locity over a complete rotation would inaccurately char- 
acterize the instantaneous rotational velocity at any sin- 
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gle rotational phase angle. 

[0009] Conventional detection systems measure 
alignment errors in both the process direction and in a 
lateral direction, transverse the process direction, by de- 
tecting the position of, and determining the alignment 5 
error from the times of passage of, the centroids of reg- 
istration indicia marks, such as lines, chevrons or other 
geometric shapes, past the centers of optical detectors. 
[0010] The detection of color to color registration or 
misregistration, and the ability for correcting for detected 
misregistration, are very important in multicolor printing. 
Several techniques for doing so have been suggested 
and include the sensing of registration or misregistration 
between different color toner registration marks on a 
belt. One example of such techniques utilize a MOB 
[mark or mass on belt] sensor as a first position sensor 
for sensing a mark or mass of toner on a moving image 
carrying belt. The sensor does so by detecting the po- 
sition or timing of individually colored toner mass devel- 
oped lines on the moving belt. A controller connected to 
the output of the sensor determines the differences in 
the timing of the sensing of each line, and from such 
timing information determines the relative positions of 
the various lines. 

[001 1] US-A-4,804,979 discloses a single pass color 
printer/plotter including a registration method in which 
each print station monitors registration marks to detect 
variations of the media during printing, and corrects for 
such variations. The system includes a light source, ah 
optical sensor array comprising a pair of sensors, and 
an optics control unit for detecting registration marks. 
[0012] US-A-4,965,597 discloses a color image re- 
cording apparatus that superimposes a plurality of im- 
ages having different colors to form a composite color 
image on a recording medium. Registration marks are 
formed on the recording medium at equal pitches. This 
occurs when it is transported through an image forma- 
tion device in the apparatus. The apparatus also in- 
cludes a sensor for sensing the registration marks and 
an edge sensor for sensing one edge or both edges of 
the recording medium. The mark sensor includes a 
source of light and a light receiving photosensor com- 
prising a phototransistor, amplifiers and control circuits. 
[0013] US-A-5,278,587 discloses a method and ap- 
paratus for color image on image registration utilizing a 
detector placed beneath the photoreceptor belt to pro- 
vide a signal representing the exposure level of each 
scanning beam. Timing information derived from the de- 
tectors is used to control registration of the first scan line 
of each image sequence. 

[0014] US-A-5,394,223 discloses a printing device for 
providing color prints of the type having a semi-trans- 
parent imageable surface adapted to move along a 
preselected path. The printing device also has at least 
one image processing station for forming a composite 
image on the imageable surface; means for marking in- 
dicia on the imageable surface;means for sensing the 
indicia to detect registration deviations from the prese- 



lected path of movement of the imageable surface; and 
means, responsive to the sensing means, for adjusting 
the image processing station to compensate for the de- 
tected registration deviations, thereby enhancing the 
registration of the composite image on the imageable 
surface. The sensor disclosed is a fixed position sensor 
that is located on the back side of a translucent moving 
image carrying belt ,and directly opposite the point of 
ROS exposure of the charged front side of the moving 
belt. As such, at a non-black ROS/Imaging station (in a 
black first REaD printer), a previously developed black 
image on the front side of the belt will occlude or block 
the ROS exposure light from the backside sensor, thus 
providing timing information for proper registration of the 
black image and the non-black image of the particular 
imaging station. 

[0015] Unfortunately, MOB sensor and Eclipse sen- 
sor techniques are based on a timing parameter, and 
therefore each requires exact and precise timing meas- 
urements. For such measurements, each therefore re- 
quires that the marks, lines or image edges being 
sensed be formed precisely, and be of high quality de- 
velopment. Such all around required precision neces- 
sarily demands high precision and costly sensors as 
well as costly electronics or controllers. 
[0016] In accordance with the present invention, there 
Is provided a relatively low cost wide area beam (WAB) 
sensing method of image registration in a color printer, 
having an electronic subsystem. The method includes 
the steps of: (a) storing in the electronic control subsys- 
tem a first and at least a second predetermined regis- 
tration offset value corresponding to a first condition of 
image misregistration and to at least a second different 
condition of image misregistration, by the printer; (b) 
creating a first set of registration calibration marks of a 
first toner color on a first wide area and at least a second 
set of registration calibration marks of the first toner 
color on at least a second wide area of an image bearing 
member; (c) forming in accordance with the first condi- 
tion of image misregistration, a first set of multi-color 
registration calibration marks by creating a set of regis- 
tration marks of a different color toner relative to the first 
set of marks of the first toner color, wherein one of said 
first and said different color toners is black and the other 
non-black; (d) forming in accordance with the at least 
second condition of image misregistration, at least a 
second set of multicolor registration calibration marks 
by creating another set of registration marks of the dif- 
ferent color toner relative to the at least second set of 
marks of the first toner color, wherein one of said first 
and said different color toners is black and the other non- 
black; (e) producing a first and at least a second actual 
light reflectance measurement value by illuminating the 
first and the at least second sets of multicolor registra- 
tion calibration marks, and by sensing the diffuse reflect- 
ance from each set of multicolor registration calibration 
marks; (f) comparing the produced first and at least sec- 
ond actual light reflectance measurement values to the 
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stored predetermined first and at least second registra- 
tion offset values so as to determine an actual measure 
of image misregistration; and (g) adjusting an image 
forming parameter of the color printer responsively to 
the determined actual measure of image misregistra- 5 
tion, thereby correcting for such determined actual im- 
age misregistration. 

[001 7] Pursuant to another aspect of the present in- 
vention, there is provided a color printer comprising: (a) 
an image bearing member having a photoreceptive inv 10 
• ageable surface for movement along a preselected 
path; (b) first means for forming on a different wide area 
of the imageable surface a plural number of first sets of 
black toner registration calibration marks, each said set 
including multiple spaced apart marks; (c) second 15 
means for forming a plural number of second sets of 
non-black toner registration calibration marks corre- 
sponding to, and in accordance with predetermined 
built-in different conditions of image misregistration rel- 
ative to, said plural number of first sets of black toner 20 
registration calibration marks, thereby creating a series 
of sets of multicolor registration calibration marks; (d) a 
light source for producing a wide area beam for illumi- 
nating each set of said plural number of sets of multi- 
color marks; (e) a wide area beam (WAB) sensor for pro- 25 
ducing an actual light reflectance measurement value 
from each said illuminated set of multicolor marks by 
measuring scattered light from each said illuminated set 
of said plural number of sets of multicolor marks; (0 a 
comparing device for determining a degree of actual 30 
misregistration between said first sets of black toner 
marks and said second sets of non-black toner marks 
of each illuminated set of multicolor marks correspond- 
ing to each predetermined condition of image misregis- 
tration by comparing said actual light reflectance meas- 35 
urement value from said each illuminated set with the 
stored predetermined registration offset value for said 
set; and (g) mechanisms for adjusting an image forming 
parameter of at least one of said first and said second 
means responsively to said determined degree of actual *o 
misregistration so as to correct for said determined ac- 
tual misregistration. 

[0018] The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which: 45 

FIG. 1 shows a side view of an imaging station in- 
cluding mechanisms for correcting for actual mis- 
registration determined in accordance with the 
present invention; 50 
FIG. 2 shows a top view of the imaging station of 
FIG. 1; 

FIG. 3 is a fragmentary, sectional elevational view 
of a wide area beam (WAB) sensor for use in ac- 
cordance with the present invention; 55 
FIG. 4 shows a top schematic view of an imaging 
surface and illustrates a WAB sensor for in-track 
and cross-track sets of registration marks in accord- 



ance with the present invention; 
FIG. 5 shows an enlarged illustration of the sets of 
registration marks of FIG. 4 with prebuilt-in condi- 
tions of offset or misregistration according to the 
present invention; 

FIG. 6 illustrates a plot of registration offset values 
or reflectance signals representation from the sen- 
sor of FIG. 4 given ideal pre-bulit-in offset or mis- 
registration of the compound marks; 
FIG. 7 illustrates a plot of light reflectance measure- 
ment values from the sensor of FIG. 4 given a meas- 
ured actual situation of image misregistration to the 
left or negative direction of FIG. 7; 
FIG. 8 illustrates a plot of light reflectance measure- 
ment values from the sensor of FIG. 4 given a meas- 
ured actual situation of image misregistration to the 
right or positive direction of FIG. 8; and 
FIG. 9 is a schematic elevational view depicting an 
illustrative electrophotographic color printing ma- 
chine incorporating the WAB sensor and features 
of the present invention. 

[001 9] Referring to Figure 9, a black-first, single pass 
REaD (Recharge, Expose and Develop) electrophoto- 
graphic printing machine is illustrated for producing mul- 
ticolor copies of images in proper registration. Note that 
such a machine can also be a multiple pass machine. 
The color copy process of such a machine typically in- 
volves a computer generated digital color image which 
may be inputted into an image processor unit (not 
shown), or alternately a digital image can be created by 
scanning from a color document 2 placed on the surface 
of a transparent platen 3. A scanning assembly having 
a halogen or tungsten lamp 4 is used as a light source 
to illuminate the color document 2. The light reflected 
from the color document 2 is reflected by mirrors 5a, 5b 
and 5c, through lenses (not shown) and a dichroic prism 

6 to three charged-coupled devices (CCDs) 7 where the 
information is read. The reflected light is separated into 
the three primary colors by the dichroic prism 6 and the 
CCDs 7. Each CCD 7 outputs an analog voltage which 
is proportional to the strength of the incident light. The 
analog image signal from each CCD 7 is converted into 
an 8-bit digital image signal for each pixel (picture ele- 
ment) by an analog/digital converter (not shown). The 
digital image signal enters an image processor unit (not 
shown). The output voltage from each pixel of the CCD 

7 is stored as a digital signal in the image processing 
unit. The digital signals which represent the blue, green, 
and red density signals is converted in the image, 
processing unit into four bitmaps: yellow (Y), cyan (C), 
magenta (M), and black (Bk). The bitmap represents the 
exposure value for each pixel, the color components as 
well as the color separation. 

[0020] The printing machine of the present invention 
employs a photoreceptor or photoconductive belt 10 
that preferably is black or has a "black" appearance or 
light non-scattering surface. Where the light source and 
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light sensor for image registration measurement are to 
be located on opposite sides of the photoreceptor, the 
photoreceptor preferably should be semi-transparent in 
order to allow the transmission of light. Photoconductive 
belt 10, for example, is made from a photoconductive 5 
material coated on a ground layer, which, in turn, is coat- 
ed on anti-curl backing layer. Belt 10 moves in the di- 
rection of arrow 12 to advance successive portions of 
the photoconductive surface 11 sequentially through 
various processing stations disposed about the path of 
movement thereof. Belt 10 is entrained about stripping 
roller 14, tensioning roller 16, idler rollers 18, and drive 
roller 20. Stripping roller 14 and idler rollers 18 are 
mounted rotatably so as to rotate with belt 10. Tension- 
ing roller 16 is resiliently urged against belt 10 to main- 
tain belt 10 under the desired tension. Drive roller 20 is 
rotated by a motor (not shown) coupled thereto by suit- 
able means such as a belt drive. As roller 20 rotates, it 
advances belt 10 in the direction of arrow 12. 
[0021] Initially, a portion of the photoconductive sur- 
face passes through charging station AA. At charging 
station AA, two corona generating devices 22 and 24, 
charge photoconductive belt 10 to a relatively high, sub- 
stantially uniform potential. Corona generating device 
22 places all the required charge on photoconductive 
belt 10. Corona generating device 24 acts as a leveling 
device, and fills in any areas missed by corona gener- 
ating device 22. 

[0022] Next, the charged portion of the photoconduc- 
tive surface is advanced through at least a first imaging 
station BB. At imaging station BB, the uniformly charged 
photoconductive surface is exposed by a latent imager, 
such as a laser based output scanning (ROS) device 
26, which causes the charged portion of the photocon- 
ductive surface to be discharged in accordance with the 
output from the scanning device. The scanning device 
is a laser raster output scanner (ROS). The ROS per- 
forms the function of creating the output image copy on 
the charged photoconductive surface 11. It creates the 
image in a series of horizontal scan lines with each line 
having a certain number of pixels per inch. 
[0023] An electronic subsystem (ESS) 28 is the con- 
trol electronics which prepare and manage the image 
data flow between the imaging processing unit and the 
ROS. ESS 28 may also include a display, user interface, 
and electronic storage, i.e. memory, functions. The ESS 
is actually a self-contained, dedicated mini computer. 
The photoconductive surface 11 is selectively dis- 
charged by the ROS thus recording a charged pattern 
or electrostatic latent image corresponding to the black 
color portion of the information desired to be printed. In 
addition to this charge pattern of the black color portion, 
the ROS 26 can also selectively write on photoconduc- 
tive surface 11 (FIG. 5) latent forms of sets S1, S2, S3, 
S4 and S5 of multiple black registration marks or regis- 
tration calibration indicia in accordance with the present 
invention (to be described in detail below). Preferably, 
the latent sets of multiple black registration marks are 



written within the margin adjacent to frame portions of 
the surface 11 containing the latent image or image 
charge pattern. 

[0024] At development station CC, a magnetic brush 
development system 30 advances developer material 
consisting of carrier granules and charged black toner 
particles into contact with the electrostatic latent image 
and with any latent registration marks in the margin. The 
development system typically comprises a plurality of 
three magnetic brush developer rollers 34, 36 and 38. 
A paddle wheel 35 picks up developer material from de- 
veloper sump 1 1 4 and delivers it to the developer rollers. 
When developer material reaches rolls 34 and 36, it is 
magnetically split between the rolls with half of the de- 
veloper material being delivered to each roll. Photocon- 
ductive belt 10 is partially wrapped about rolls 34 and 
36 to form extended development nips. A magnetic roll- 
er, positioned after developer roll 38, in the direction of 
arrow 12, is a carrier granules removal device adapted 
to remove any carrier granules adhering to belt 10. 
Thus, rolls 34, 36, and 38 advance developer material 
into contact with the electrostatic latent image and the 
sets of latent registration marks. 
[0025] The latent image and any selectively written la- 
tent sets of multiple registration marks then attract 
charged black toner particles from the carrier granules 
of the developer material to form a developed black ton- 
er powder image, and black toner powder registration 
marks, on the photoconductive surface 11 of belt 10. A 
black toner dispenser 110 dispenses new black toner 
particles into sump 114. In accordance with one aspect 
of the present invention, the black toner registration 
marks can be formed as above by ROS 26 and devel- 
opment system 30 so as to be 4, 5 or 6 image frames 
in advance of the black toner image. As such, when the 
black toner image is at the development station CC, the 
sets of registration marks S1 , S2, S3, S4 and S5 can 
already be at the sensor 124 shown after the fourth de- 
velopment system 100C. 

[0026] After the development station CC, each of the 
black toner developed image and the black toner devel- 
oped registration marks continue to advance with pho- 
toconductive belt 10 in the direction of arrow 12 to a re- 
charging station including a corona generator 32a. Co- 
rona generator 32a recharges the already imaged pho- 
toconductive surface 11 of belt 10. The recharged sur- 
face 11 then moves to a second latent imaging or expo- 
sure station 40a which for example includes an LED im- 
age array bar, an LCD shutter image bar, or another 
ROS. The imaging station 40a is used as such to super- 
impose a subsequent color latent image by selectively 
discharging in registration the recharged photoconduc- 
tive surface 11 of belt 10 in accordance to the calibrated 
and adjusted image registration method of the present 
invention Similar subsequent color latent image forma- 
tion in registration is also carried out at imaging stations 
40b and 40c as shown following similar recharging by 
corona devices 32b and 32c. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP 0 744 669 B1 



10 



0027] Referring to FIGs. 1 and 2, each imaging sta- 
hon 40a, 40b and 40c specifically includes an outer 
housing 130 that is mounted on a support frame 122 
As is also shown, each imaging station includes an inv 
agew.se charge erasing image bar or ROS 136 that is 
also secured to the outer housing 130. In the case where 
the photoreceptor 10 is semi-transparent, each imaging 
station may also, or instead, include an inner housing 
120 which is mounted on the support frame 122 Ac- 
cording to the present invention, a light source such as 
an erase lamp 125 may also be provided and secured 
to the inner housing 120 for illuminating a transparent 
photoreceptor from the backside. As is well known, such 
an erase lamp may also be secured instead to the outer 
housing 130 for illuminating the front side of the pho- 
toreceptor or belt 10. 

[0028] Still referring to FIGS. 1 and 2. the inner hous- 
ing 120 and the outer housing 130 are arranged so that 
the photoconductive belt 10 is disposed therebetween 
as shown. The image bar or ROS 136 is mounted on 

«jeouterhousing130byaslide mount arrangement137 
which allows translation and hence corrective positional 
adjustment of the ROS 136 in a plane substantial* pa" 

ale to the belt 10. Further, the outer housing 130ispiv- 
otally connected to the support frame 122 in order to 
permit angular translation thereof in the plane of the belt 
10. A stepper motor 138 is mounted on the outer hous- 

motl «2 3 ? Ui,ab ' e faShi0n - Actuation of Pepper 
motor 138 selectively translates the image bar or ROS 
136 m a forward or reverse manner in the slide mount 

J*, . S,6PPer m ° t0r 139 is moun,ed ° n frame 
122 and its actuation causes the outer housing 130 to 

rotate ^d consequently, image bar or ROS 136 to also 
rotate. In this embodiment, stepper motors 138 and 139 
have relatively small incremental step actuations utiliz- 
ing gear reduction units (not shown) incremented ap- 
propriately in .001 mm divisions which is a fraction of 
a pixel width. As such, the image bars 136 can be line- 
arly actuated and, further, can be nationally actuated 
to change the orientation of an image bar 136 at each 
of the imaging stations 40a, 40b and 40c relative to the 
photoconductive belt 10. The stepper motors 138 and 
139 in each of the imaging stations 40a, 40b and 40c 
are actuated by control signals from the ESS 28 Ac- 
cordingly, actual image misregistration determined in 
accordance with the present invention can be corrected 
by adjusting the position of an imager 136 and or the 
position of the belt 10. 

[0029] Referring now to FIG. 3. an example of a WAB 
sensor 124. 124' (for backside use) according to the 
present invention is illustrated. The example illustrated 
is a Toner Area Coverage Sensor'known as TACS and 
is disclosed for example in US-A-4,989.985. As shown 
U,e sensor 1 24. 124' includes a housing 96 that defines 
a chamber 97. A cover 98 encloses a bottom of the 
housing 96. A printed circuit board 140 within the hous- 
ing 96 supports a suitable light emitting diode (LED) 142 
for providing light rays to illuminate toner particles ad- 



henng to the surface ofthe photoreceptor belt 10 Acon- 
trol photodiode 144 and a photosensor or photodiode 
array 146 are also mounted on the board 140. Suitable 
electncal components including a connector (not 
shown) are provided for connecting the LED 142 pho- 
todiode 144. and photodiode array 146. 
[0030] A top surface 150 of the housing 96 defines a 
v-shaped recess 152 that includes two surfaces One 
surface supports a collector lens 154. and the other a 
" coll.mat.ng lens 156. The LED 142 generates near in- 
frared light rays that are transmitted through an aperture 
158 and a cavity 160 onto the collimating lens 156. The 
ens 156 collimates the light rays and focuses them onto 
the toner particles on the belt 10. Photodiode 144 is po- 

f ? e l t0 feCeiVe 3 portion of the LED ^iant flux re- 
flected from the walls of the cavity 160. An output signal 
from he photodiode 144 is compared with a reference 
signal and the resultant error signal is used to regulate 

20 T inPUt ,0 LE ° 142 10 """Pensate for LED aging 
and thermal effects. Light rays reflected from toner par- 
ticles on the belt 10 are collected by the collecting lens 
154 and directed onto the surface of of photodiode array 
146 which produces a total signal proportional to a total 
flux of the light rays being transmitted through the col- 
lecting or collector lens 154, as well as a diffuse signal 
component that is proportional to a diffuse component 
of the total flux. 

[0031] The specular component of the reflected rays 
or flux, as shown by the arrows 172. is focused on a 
small spot on the surface of a central segment of the 
photodiode array 146. The diffuse components of the 
reflected rays or flux, as shown by arrows 1 74, flood the 
entire surface of the photodiode array 146. Edge pho- 
tod.odes (not shown) of the photodiode array 146 are 
positioned therein to receive only the diffuse component 
of the reflected light rays or flux as transmitted through 
he lens 156. Hence the electrical signal generated by 
the edge photodiodes is proportional to only the diffuse 
or scattered component of the reflected light rays. Thus 
according to the present invention, each of the WAB 
sensors 124, 124' is suitable for measuring scattered or 
diffuse reflected light from over a wide area, as opposed 
to a hne or an edge. As such, it can measure the diffuse 

45 S^S^f o? m a " area h0,din9 eacn Muniinated set 
S1 S2, S3, S4, and S5 (FIG. 5) ofthe plural sets of mul- 
bcolor registration marks on the belt 10, and thus pro- 
duce an actual light reflectance measurement value 
CaL Ca2. Ca3. etc. (FIGS. 7-8) that is proportional to 
the diffuse component, from each illuminated set of mul- 
50 ticolor marks. 

[0032] Accordingly, the sensor 124. 124' uses flux 
from the infrared LED 142 to measure the proportion of 
photoreceptor surface that is covered with light reflect- 
mg toner, such as color or non-black toner. The sensor 
" as such ordinarily enables low cost measurement of the 
developability over an area of all colored xerographic 
oners.lt js important that the wide area beam sensor 
124, 124 is sensitive to wavelengths of light reflected 
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from toners on marks formed by each imager 40a, 40b, 
and 40c. 

[0033] Referring now to FIGS. 4-9, other apparatus 
components, and the method of the present invention 
are illustrated for achieving WAB sensing for image reg- 
istration in a color printer having an electronic subsys- 
tem such as ESS 28. As shown in FIGS. 4, 5 and 9, an 
image bearing member such as the belt 10 having an 
imageable surface 11, is movable along a preselected 
path in the direction of the arrow 12. This is also the in- 
track or process direction shown by the two-headed ar- 
row Dr (FIG. 5). The cross-track direction is shown by 
the two-headed arrow Dr*. As discussed above, the sur- 
face 11 should appear "black" to the sensor 124. The 
sensor 124 is mounted along the path of belt 10 such 
that the sets of registration marks S1, S2, S3, S4 and 
S5 are formed centered inboard and outboard position- 
wise with respect to the sensor 124. 
[0034] Alternatively, in non REaD process color ma- 
chines, the surface 11 on which toner images and toner 
registration marks are formed can be that of an interme- 
diate transfer member as used in tandem and in multiple 
pass color process machines. It is also possible for the 
surface 11 to be the surface of an image receiving sub- 
strate, such as, that of a copy sheet of paper. Paper sur- 
faces as such, however, are usually "white" appearing. 
As such, the method of the present invention would work 
in such process machines only where the black toner 
marks are printed first onto an intermediate member and 
then reversed transferred onto the sheet of paper. In a 
REaD machine as in FIG. 9, it is preferable to print the 
black toner marks or images first on a black appearing 
or non-reflecting surface. In any case, the surface 11 is 
any surface on which the multiple layers of different 
color toner images and marks are formed in any of the 
color machine processes discussed in background 
above. According to the present invention, however, 
measurements and determination of image misregistra- 
tion must be made before a toner fusing step in the par- 
ticular machine process. 

[0035] In any of such machines, the method of the 
present invention only allows for the measurement and 
registration of different color toner images one at a time 
against a black toner image formed first preferably, or 
formed last. Accordingly, as shown in FIGS. 9 and 5, a 
first imager or imaging assembly 26, 30 (FIG. 9) is pro- 
vided for forming a plural number of first sets S1, S2, 
S3, S4 and S5 (FIG. 5) of space apart black toner reg- 
istration marks BM. It is preferred that at least 5 such 
sets be formed for best averaging results. Each such 
first set is formed space apart from the others and on a 
different area of the imageable surface 11. As shown, 
each such set preferably includes multiple spaced apart 
marks. For example, each set is shown in FIG. 5 as in- 
cluding four spaced apart marks, but the actual number 
of marks can equally be varied from two to about 5 or 
any selected number each being spaced from an adja- 
cent mark. 



[0036] At least a second imaging assembly, such as 
the imagers 40a, 40b, 40c (FIG. 9) is also provided for 
forming a plural number of second sets of color or non- 
black toner registration marks CM in such a manner that 
5 each set of each of the second sets corresponds to a 
set S1, S2, S3, S4 and S5 of black toner registration 
marks BM. Note that the set designations as S1 , S2, S3, 
S4 and S5 will remain the same for black, color and mul- 
ticolor marks since color toner marks are merely formed 
relative to black toner marks in existing black toner mark 
sets S1 , S2, S3, S4 and S5. Each of the color marks CM 
of each such second set are formed relative to its cor- 
responding black mark BM of a first, black toner marks 
set, so as to result in corresponding plural sets of mul- 
ticolor registration marks MM. 
[0037] In electronic printers, each set of multicolor 
marks MM so formed consists of bitmaps for both black 
toner marks BM and color toner marks CM. In addition, 
each of the color marks CM of each such second set are 
formed relative to its corresponding black mark BlvTof a 
first set so as to be in accordance with, or in alignment 
therewith, according to a predetermined different condi- 
tion (-2U, -1U, +0U, +1U and +2U (FIGS. 5-8)) of image 
offset or misregistration relative to the corresponding 
black mark BM of the first set of marks. As used here,"U" 
can be any unit of image registration, preferably a spatial 
unit, that is selected. This scheme is true for the process 
direction or in-track registration marks, and as well for 
the cross-process registration marks that are formed 
parallel to the process direction (FIG. 4). In FIG. 5, the 
prebuilt-in different conditions or degrees of image mis- 
registration have been illustrated relative to the sets as 
follows: S1=+0; S2=-1U; S3=+1U; S4=-2U; and 
S5=+2U, but can well be in any selected order. As 
shown, in order to form multicolor marks MM, the black 
and color toner marks BM, CM respectively are made 
to overlap due to the predetermined shift or offset in their 
registration. A preferred pattern for these marks is a se- 
ries of one pixel"on7one pixel 'off perpendicular lines. 
Other image patterns however can also be formed in 
accordance with the predetermined conditions or de- 
grees of image misregistration. 
[0038] As shown in FIG. 5, in order to isolate and in- 
crease the precision of measurements of misregistra- 
tion only in the direction Dr, or Dr* (i.e. in-process or 
cross-process) selected for control, the color marks CM 
are made equal in dimension to black marks BM in such 
control direction Dr, Dr 1 , but are centered to, and made 
less in dimension than the black mark in the non-control 
direction shown as Dn. As such any misregistration of 
the color marks on the black marks in the non-control 
direction Dn will be occluded by the black marks, and 
hence will not affect the sensor output value. For in- 
process registration control with sensor 124, the non- 
control direction Dn is of course the cross-process di- 
rection and vice versa. Alternatively, the sensor can be 
made relatively less in dimension in the non-control di- 
rection than the marks themselves. As such any misreg- 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP 0 744 669 B1 



14 



istration in the non-control direction will fall beyond the 
sensing reach of the sensor, and hence will not affect 
the output. 

[0039] The light source 142 (FIG. 3) of the present in- 
vention preferably includes colors or spectral intensities 5 
that can be scattered by all the colored toners such as 
Cyan, Magenta and Yellow, but not black. Each is 
mounted so as to produce a wide area beam that illumi- 
nates a wide area holding each set S1, S2, S3 S4 and 
SSofthemuIticolormarksMM. For the low cost purpos- to 
es of the present invention, the light source and sensor 
need only to have an optical resolution of less than 
10mm width. When the resolution is less than a typical 
line spacing of a few pixels, for example of 100um then 
the sensor 124, 124'(backside), and the electronics or is 
signal processor of the sensor must be capable of av- 
eraging measurements over relatively larger areas The 
wide area beam method of the present invention is par- 
ticularly effective because the best signal to noise ratio 
for such measurements is obtainable from large area 20 
measurements as opposed to fine line or image edge 
timing measurements in the case of MOB sensors Op- 
timally, the area coverable by the width of the light 
source beam and the area covered by the registration 
marks should be selected so as to be comparable in 25 
size. 

[0040] The WAB sensor 124 of the present invention 
is mounted (FIGS. 4 and 9) suitably at a diffuse angle 
for measuring scattered or diffuse light reflected from 
each illuminated set S1 , S2, S3, S4 and S5 of multicolor 30 
marks MM, and for producing an actual light reflectance 
measurement value pertaining to each such illuminated 
set. When the sensor is placed at a diffuse angle (the 
preferred mounting angle according to the present in- 
vention), the surface 11 however appears "black". Note ss 
that in the case of paper surfaces, the particular angle 
is immaterial because such surfaces create so much dif- 
fuse scattering of light there is, therefore, no difference 
between specular and diffuse angle positioning of the 
sensor. All in all, the sensor must be able to detect at 40 
least the wavelengths of the light scattered by the color 
toner marks. 

[0041] The electronic subsystem or ESS 28 (FIG 9) 
serves as a comparing device for determining a degree 
of actual misregistration by comparing each actual light as 
reflectance measurement value with a stored predeter- 
mined registration offset value corresponding to a par- 
ticular predetermined condition of image misregistration 
for each illuminated set of multicolor marks MM. Finally 
of course, the adjustment mechanisms 137, 138 139 so 
(FIG. 1 ) are provided for adjusting an imaging parameter 
such as time or position, of at least one of the first or 
second imaging assemblies 26, 40a, or the position of 
the belt 10 responsively to the determined condition or 
degree of actual misregistration so as to correct such ss 
actual misregistration. 

[0042] Referring again to FIG. 4, the registration cal- 
ibration marks preferably are formed as shown in a mar- 



gin area of the surface 1 1 , so as to allow for the making 
of image registration calibration measurements concur- 
rently with process imaging. The process direction se- 
nes of calibration line marks are formed so that the lines 
run orthogonally to the process direction. The cross-pro- 
cees direction series of registration calibration line 
marks are shown formed so that the lines run parallel to 
the process direction. Either series of these marks could 
equally be formed within interframe areas between im- 
aging frames such as frames F1, F2, provided the sen- 
sor is appropriately also relocated. 
[0043] The method of the present invention includes 
the step of storing in the electronic control subsystem 
(ESS) 28 a plural number (for example 3) of predeter- 
mined registration offset values (Cp1, Cp2, Cp3 (FIGS 
6-8)). These include a first value Cp1 that is a threshhold 
value for when there is no diffuse reflection as in the 
ideal case of set S1=+0 misregistration (FIG. 6) where 
all the color toner marks CM, because they are properly 
registered, are occluded by the corresponding black 
toner mark BM. In addition, the predetermined registra- 
tion offset values include at least a second value Cp2 
for the at least second set S2=-1 U, S3=+1 U each having 
a built-in different condition of image misregistration As 
shown in FIG. 6, the predetermined registration offset 
values also include a third value Cp3 for the sets S4=- 
2U, S5=+2U also each having another built-in different 
condition of image misregistration. For a simplified illus- 
tration, the second predetermined registration offset val- 
ue Cp2 is made to be the same (as expected) for con- 
ditions of misregistration - 1 U and +1U. The same is 
true for the third value Cp3 with respect to conditions of 
misregistration - 2U and +2U. 
[0044] As illustrated in FIGS. 7-8, the method of the 
present invention then includes the step of the first im- 
aging assembly 26 creating the first set S 1 of black toner 
registration marks BM on a first wide area and at least 
the second set S2, S3, S4 or S5 of black toner registra- 
tion marks BM on at least a second wide area of the 
photoconductive image bearing surface 11 of belt 10 
This can be done during a cycle-up or cycle down time 
of the pnnter, or during a process imaging cycle of the 
printer. The method includes also forming the multi-color 
registration marks MM from the set S1 by the second 
imaging assembly 40a, for example, creating the corre- 
sponding set of color or non-black toner registration 
marks CM relative to the black toner registration marks 
of the first set S1, and doing so in accordance with the 
first condition +0 of image misregistration. The method 
then includes the step of similarly forming multicolor reg- 
istration marks MM from each of the at least second 
sets, S2, S3, S4 and S5 by creating at least the second 
set of color or non-black toner registration marks CM 
relative to each of the at least second sets, and doing 
so in accordance with the at least second condition -1 U 
-2U, +1U. and +2U of image misregistration. In a single 
pass process, different imaging assemblies form the 
black and non-black marks during the single pass but 
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it should be understood that in a multiple pass process, 
a single imaging assembly can do so during different 
passes. 

[0045] As the margin area on which the multicolor reg- 
istration marks are formed moves under the sensor 1 24, 
the method further includes the step of producing a first 
Ca1, and at least a second Ca2, Ca3, Ca4, Ca5 actual 
light reflectance measurement. values from the various 
sets by the light source 142 illuminating the first S1, and 
the at least second S2, S3, S4 and S5 sets of multicolor 
registration marks MM on the surface 11. This step in- 
cludes the sensor 124 sensing the diffuse reflectance 
from each of these illuminated sets of multicolor regis- 
tration marks. 

[0046] As shown in FIG. 7, where there is a condition 
of actual misregistration to the negative or to the first 
direction of FIG. 7 (that is, actual misregistration in ad- 
dition to the built-in -2U, -1 U, +0, +1U, +2U of the sets), 
there will consequently be less than the predetermined 
overlap of the marks within the sets S1 , S2 and S4. As 
a result more of each color mark CM in these sets S1, 
S2, and S4 will be shifted leftwards (FIG. 7) into the oth- 
erwise non-reflective (surface 11) space between adja- 
cent black marks BM. Such a shift therefore increases 
the area of unoccluded color toner therein for diffusing 
the illuminating light, and hence therefore increases (rel- 
ative to Cp1 , Cp2, Cp3), the amount of each of the actual 
light reflectance measurement values Cai (i =1, 2 4), 
Ca1, Ca2, Ca4 being put out by the sensor 124 for the 
sets S1 , S2 and S4. To illustrate the effect of such a shift 
between the black and non-black marks in these sets, 
note in FIG. 7 that the actual misregistration is shown 
for example to have increased from +0U for set S1 to 
-1/2U; from -1U for set S2 to -11/2U; and from -2U for 
set S4 to -21/2U. 

[0047] Meantime, the same situation of actual misreg- 
istration to the left or to the negative direction of FIG. 7 
will have quite the opposite effect on the other sets S3, 
and S5 that are right of set S1 . In each of these sets S3, 
S5, an actual shift of each color mark CM leftwards (FIG. 
7) will result instead in greater overlap of the black and 
color marks, and hence instead cause less of the color 
mark CM (as compared to the predetermined built-in 
misregistration) to lie in the space between adjacent 
black marks. As a result, the actual light reflectance val- 
ues Ca3, Ca5 produced therefrom as shown, will be less 
than the corresponding predetermined registration off- 
set values Cp2, Cp3 for these sets. To illustrate the ef- 
fect of such a shift between the black and non-black 
marks in these sets, note that the actual misregistration 
is shown for example to have decreased from +1U for 
set S2 to +1/2U; and from +2U for set S4 to +11/2U. 
[0048] On the other hand, as shown in FIG. 8, where 
there is actual misregistration to the positive or to the 
second direction of FIG. 8 (that is, actual misregistration 
in addition to the built-in -2U, -1U, +0, +1U, +2U of the 
sets) there will be an increase, hence more than the pre- 
determined overlap of black and color marks in the sets 



52, and S4. As a result, less of each color mark CM in 
these sets S2, and S4 will be misregistered or shifted 
leftwards (FIG. 8) into the otherwise non-reflective (sur- 
face 11) space between adjacent black marks BM. Such 

5 increased overlap decreases the area or amount of un- 
occluded color toner therein for diffusing the illuminating 
light, and hence also decreases (relative to Cp1, Cp2, 
Cp3), the amount of each of the actual light reflectance 
measurement values Cai' (P =2' 4*), Ca2\ Ca4' being put 

10 out by the sensor 124 for the sets S2 and S4. To illustrate 
the effect of such a shift between the black and non- 
black marks in these sets S2, S4, note that the actual 
misregistration is shown for example to have decreased 
from -1U for set S2 to -1/2U; and from -2U for set S4 to 

15 -11/2U. 

[0049] Note that with respect to the +0 misregistration 
built-in first set S1 , any shift to the left or right in the con- 
trol direction Dr; Dr* will automatically place more of the 
color toner into spaces between black marks. This is il- 

20 lustrated by the condition of registration for set S1 going 
from +0U to +1/2U. As a result, there will also be an in- 
crease in actual light reflectance measurement value 
Ca1, regardless of whether the shift is in the negative 
or positive direction. 

25 [0050] Meantime, the same situation of actual misreg- 
istration to the right or positive direction of FIG. 8 will 
(when compared to S2, S4) have the quite opposite ef- 
fect on the other sets S3, and S5 that are right of S1 . In 
each of these sets S3, S5, an actual shift of each color 

30 mark CM rightwards (FIG. 8) will result in less overlap 
between the black and color marks, and hence will 
cause more of the color mark CM (as compared to the 
predetermined built-in misregistration) to lie in the space 
between adjacent black marks. This is illustrated by the 

35 actual misregistration increasing from +1 U to +11/2U for 

53, and from +2U to +21/2U for set S5. As a result, the 
actual light reflectance measurement values Ca3\ Ca5' 
produced therefrom will be more than the corresponding 
predetermined registration offset values Cp2, Cp3 for 

40 these sets. 

[0051] The method next includes the step of compar- 
ing the produced first and at least second actual light 
reflectance measurement values, Ca1, Ca2, Ca3, Ca4 
and Ca5, or Ca1, Ca2\ Ca3' Ca4' and Ca5* to the stored 

45 predetermined first and at least second registration off- 
set values Cp1, Cp2, Cp3 in order to determine for the 
one color of the color marks CM an actual measure or 
value of its misregistration relative to the black marks 
BM. To do so, the actual light reflectance measurement 

so values therefrom are examined as a function of the cor- 
responding registration offset values. An implied or av- 
erage registration offset value that would correspond to 
an extremum (either minimum or maximum) light reflect- 
ance measurement value is determined for example, 

55 through interpolation or extrapolation. Such an extrem- 
um value is then used for controlling the adjustment to 
correct for registration of black and that color images to 
be formed subsequently. Although the extremum could 
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be either a minimum or a maximum, the minimum would 
be preferable. 

[0052] These values are obtained by interpolating or 
averaging light reflectance measurement values from a 
relatively large area covered by a number or series of 
marks rather than at a single line mark or edge. As a 
result, precise formation and precise development of 
each mark or edge is not necessary, and high precision 
and sensitivity of the optics and electronics of the sen- 
sors, are also not necessary. Finally, the method in- 
cludes the step of adjusting responsively to the deter- 
mined misregistration, an image creating parameter 
such as timing or position in the process direction or the 
cross-process position, of the at least second imager 
40a, 40b, 40c, of the color printer, in order to thereby 
correct for such determined misregistration. 
[0053] The various non-black toner images have to 
calibrated for proper registration individually relative to 
the black toner image formed by imager 26 and devel- 
oper unit 100. As such, one series of sets of multicolor 
registration calibration marks must be formed for each 
color consisting only of black marks BM and non-black 
marks CM of the particular color to be calibrated Ac- 
cordingly, three such series of sets of multicolor marks 
can be formed one after the other for use in a single 
pass of the belt 10 under the sensor 124, or any number 
of such series can be formed over a number of passes 
The ESS 28 is programmable to identify and initiate the 
calibration of each color as above, and to do so with par- 
ticular identification as to the control direction, that is, 
as to the process or cross-process directions Dr Of r& 
spectively. This is important because the WAB sensor 
124 advantageously works off an amount of unoccluded 
non-black toner in an area of a set of registration cali- 
bration marks S1, S2, S3, S4 or S5 regardless of the 
direction in which the marks are laid. Again, each non- 
black color, cyan, magenta and yellow is calibrated and 
registration corrections made in advance of the appro- 
pnate imager forming the component image of that color 
within the image frame of a multicolor image being 
formed by the printer of the present invention. In a printer 
having a long image bearing member with multiple im- 
age frames in a series, such advance calibration can be 
earned out adjacent (that is in the margin of) an appro- 
priate number of such image frames ahead of the frame 
for the particular multicolor to be formed. 
[0054] After determining and correcting the registra- 
tion of each color image such as that to be produced by 
the imager or imaging station 40a (FIG. 9) in accordance 
with the method of the present invention as above the 
imaging station, for example 40a, then subsequently su- 
penmposes a second image of that color onto the black 
first image in an image frame of surface 1 1 . The second 
'mage is then developed by an appropriate color toner 
developer unit shown as 100a. Still referring to FIG 9 
developer unit 100a which is representative of the op^ 
eration of development stations 100b and 100c for ex- 
ample, includes a donor roll 102, electrode wires 104 



and a magnetic roll 106. The donor roll 102 can be ro- 
tated either in the (with) or (against) direction relative to 
the motion of belt 10. Electrode wires 104 are located 
in a development zone defined as the space between 
5 photoconductive belt 10 and donor roll 102. A voltage 
source electrically biases the electrode wires with both 
a DC potential and an AC potential. The electrical bias 
on electrode wires 104 detaches the toner particles on 
donor roll 102 and forms a toner powder cloud in the 
"> development zone. The discharged latent image at- 
tracts the detached toner particles to form a toner pow- 
der image thereon. The toner particles in developer unit 
100a are, for example, of a color magenta. 
[0055] Following development by the development 
unit 100a, the surface 11 of belt 10 is again recharged 
by the charging unit 32b and then advanced to the next 
imaging station 40b. At imaging station 40b, the imager 
there and/or the photoconductive belt 10 would have 
been re-registered according to the present invention 
using a series of sets of registration marks formed within 
the margin of an image frame that preceded the current 
frame and had passed the sensor 124, and all in ad- 
vance of the latent color image now to be formed by im- 
ager 40b. The imager 40b then superimposes another 
25 latent color image by selectively discharging portions of 
the frame of the recharged photoconductive surface 11 
An appropriate developer unit 100b then develops the 
formed latent color image for example with yellow toner 
The belt 10 is thereafter again recharged by charging 
*> unit 32c. Reregistration, if necessary, of the belt 10 and 
imager 40c according to the present invention would 
have been carried out adjacent a leading frame using 
sensor 124 and registration marks formed in advance 
of current imaging by imager 40c. Imaging by imager 
40c similarly involves superimposing a subsequent la- ' 
tent color image on the recharged imaged frame by se- 
lectively discharging appropriate portions of the re- 
charged photoconductive frame. An appropriate devel- 
oper unit 1 00c then develops this subsequent image for 

4 <> example with cyan toner. _ 

[0056] The resultant image is a multicolor image by 
virtue of developments by the developing units 30 100a 
100b and 100c which have black, yellow, magenta, and 
cyan, toner particles disposed therein. The resultant 
« multicolor, and properly registered image according to 
the present invention, is then advanced to transfer sta- 
tion DD. At transfer station DD, a sheet or document is 
moved into contact with the multicolor toner image, and 
a corona generating device 41 charges the sheet to the 
so proper magnitude and polarity as the sheet is passed 
through a transfer nip formed by photoconductive belt 
1 0. The toner image is attracted from photoconductive 
belt 10 to the sheet. After transfer, a corona generator 
42 charges the sheet to the opposite plurality to detack 
55 the sheet from belt 10. Conveyor 44 advances the sheet 
to fusing station EE. 

[0057] Fusing station EE for example includes a fuser 
assembly 46, which permanently affixes the transferred 
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toner powder image to the sheet. Preferably, fuser as- 
sembly 46 includes a heated fuser roll 48 and a pressure 
roll 50 with the powder image on the sheet contacting 
fuser roll 48. The fuser roll is heated for example inter- 
nally by a quartz lamp. 5 
[0058] After fusing, the sheets are fed through a de- 
curler 52. Decurler 52 bends the sheet in a first direction 
and puts a known curl in the sheet, and then bends it in 
the opposite direction to remove that curt. 
[0059] Forwarding rollers 54 then advance the sheet 10 
to duplex turn roll 56. Duplex solenoid gate 58 guides 
the sheet to the finishing station FF or to duplex tray 60. 
At finishing station FF, sheets are stacked in a compiler 
to form sets of cut sheet. The set of sheets are then de- 
livered to a stacking tray. Duplex solenoid gate 58 di- 15 
rects the sheet into duplex tray 60. 
[0060] In order to complete duplex printing, the sim- 
plex sheets in tray 60 are refed seriatim, by bottom feed- 
er 62 from tray 60 back to transfer station DD via a con- 
veyor 64 and rollers 66 for transfer of the toner powder 20 
image to the opposed side of the sheet. The duplex 
sheet is then fed through the same path as the simplex 
sheet to be advanced to finishing station FF. 
[0061] Sheets are fed to transfer station DD from sec- 
ondary tray 68: Secondary tray 68 includes an elevator 25 
driven by a bi-directional AC motor. Sheet feeder 70 is 
a friction retard feeder utilizing a feed belt and take-away 
rolls to advance successive sheets to transport 64 which 
advances the sheets to rolls 66 and then to transfer sta- 
tion DD. 30 
[0062] Sheets may also be fed to transfer station DD 
from the auxiliary tray 72. Auxiliary tray 72 includes an 
elevator driven by bi-directional AC motor. Sheet feeder 
74 is a friction retard feeder utilizing a feed belt and take- 
away rolls to advance successive sheets to transport 64 35 
which advances the sheets to rolls 66 and to transfer 
station DD. 

[0063] Secondary tray 68 and auxiliary tray 72 are 
secondary sources of sheets. A high capacity feeder in- 
dicated generally by the reference numeral 76, is the *o 
primary source of sheets. High' capacity feeder 76 in- 
cludes a tray 78 supported on elevator 80. A vacuum 
pulls the uppermost sheet against a belt 81. Feed belt 
81 feeds successive uppermost sheets from the stack 
to a take-away drive roll 82 and idler rolls 84. The drive *5 
rolls and modular rolls guide the sheet onto transport 
86. Transport 86 advances the sheet to roll 66 which, in 
turn, move the sheet to transfer station DD. 
[0064] After image transfer, photoconductive belt 10 
passes beneath corona generating device 94 which so 
charges residual toner particles to the proper polarity. 
Thereafter, a pre-charged array lamp (not shown), lo- 
cated inside photoconductive belt 10 discharges the 
photoconductive belt in preparation for the next imaging 
cycle. Residual particles and registration marks are re- 55 
moved from the photoconductive surface at cleaning 
station GG. Cleaning station GG includes an electrically 
biased cleaner brush 88 and two de-toning rolls 90 and 



92 for removing residual toner from belt surface 11. 
[0065] While the wide area beam sensing apparatus 
and method for image registration calibration have been 
shown and described in a single pass Recharge, Ex- 
pose and Develop (REaD) color electrophotographic 
printing machine, it should be understood that the inven- 
tion could be used equally in a tandem or in any multiple 
pass color printing machine. 

[0066] Thus, there has been provided in accordance 
with the present invention, a wide area beam apparatus 
and method for determining image misregistration in a 
color printer, and for positionally adjusting imager units 
as well as tracking a moving photoconductive belt so as 
to fully satisfy the aims and advantages hereinbefore set 
forth. 



Claims 

1. A wide area beam (WAB) sensing method of cali- 
brating for image registration in a color printer hav- 
ing an electronic control subsystem (28), the meth- 
od comprising the steps of: 

(a) storing in the electronic control subsystem 
a first and at least a second predetermined reg- 
istration offset value (Cp1,Cp2) corresponding 
to a first condition of image misregistration and 
to at least a second different condition of image 
misregistration, by the printer; 

(b) creating a first set (S1) of registration cali- 
bration marks (BM) of a first toner color on a 
first wide area and at least a second set of reg- 
istration calibration marks (S2) of the first toner 
color on at least a second wide area of an image 
bearing member (10); 

(c) forming in accordance with the first condi- 
tion of image misregistration, a first set of mul- 
ticolor registration calibration marks (MM) by 
creating a set of registration marks (CM) of a 
different color toner relative to the first set of 
marks of the first toner color, wherein one of 
said first and said different color toners is black 
and the other non-black; 

(d) forming in accordance with the at least sec- 
ond condition of image misregistration, at least 
a second set (S2) of multicolor registration cal- 
ibration marks (MM) by creating another set of 
registration marks (CM) of the different color 
toner relative to the at least second set of marks 
(BM) of the first toner color, wherein one of said 
first and said different color toners is black and 
the other non-black; 

(e) producing a first and at least a second actual 
light reflectance measurement value 
(Ca1,Ca2) by illuminating the first and the at 
least second sets of multicolor registration cal- 
ibration marks, and by sensing (1 24) the diffuse 
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reflectance (174) from each set of multicolor 
registration calibration marks; 
(0 comparing the produced first (Ca1) and at 
least second (Ca2) actual light reflectance 
measurement values to the stored predeter- 
mined first (Cp1 ) and at least second (Cp2) reg- 
istration offset values so as to determine an ac- 
tual measure of image misregistration; and 
(g) adjusting an image forming parameter of the 
color printer responsively to the determined ac- 
tual measure of image misregistration, thereby 
correcting for such determined actual image 
misregistration. 

2. The method of claim 1 , wherein step (b) comprises 
creating the first set of registration calibration marks 
(S1) on the first wide area, and four additional sets 
of registration calibration marks (S2-S5) on four ad- 
ditional wide areas of the image bearing member, 
and wherein the first set of registration calibration 
marks (S1) preferably include a plural number of 
spaced apart line marks (MM) in the first set and 
the at least second set of registration calibration 
marks (S2) include a plural number of spaced apart 
line marks (MM) in each of the at least second sets 
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The method of claims 1 or 2, wherein steps (c) and 
(d) comprise creating sets of non-black toner marks 
(CM) that are each equal in dimension to the corre- 
sponding black toner mark (BM) only in the direction 
of image registration calibration in order to isolate 
misregistration in the calibration direction. 

A color printer comprising: 

(a) an image bearing member (10) having a 
photoreceptive imageable surface (11) for 
movement along a preselected path; 

(b) first means (26,30) for forming on a different 
wide area of the imageable surface a plural 
number of first sets (S1-S5) of black toner reg- 
istration calibration marks (BM), each said set 
including multiple spaced apart marks (BM); 

(c) second means (40a,100a) for forming a plu- 
ral number of second sets (S1-S5) of non-black 
toner registration calibration marks (CM) corre- 
sponding to, and in accordance with predeter- 
mined built-in different conditions of image mis- 
registration relative to, said plural number of 
first sets of black toner registration calibration 
marks, thereby creating a series of sets of mul- 
ticolor registration calibration marks (MM); 

(d) a light source (142) for producing a wide ar- 
ea beam (172) for illuminating each set of said 
plural number of sets of multicolor marks; 

(e) a wide area beam (WAB) sensor (124) for 
producing an actual light reflectance measure- 
ment value (Ca1-Ca5) from each said illuminat- 
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6. 



ed set of multicolor marks by measuring scat- 
tered light (174) from each said illuminated set 
(S1-S5) of said plural number of sets of multi- 
color marks (MM); 

(0 a comparing device (28) for determining a 
degree of actual misregistration between said 
first sets of black toner marks and said second 
sets of non-black toner marks of each illuminat- 
ed set of multicolor marks corresponding to 
each predetermined condition of image misreg- 
istration by comparing said actual light reflect- 
ance measurement value (Ca1-Ca5) from said 
each illuminated set (S1-S5) with the stored 
predetermined registration offset value 
(Cp1-Cp3) for said set; and 
(g) mechanisms (137, 138, 139) for adjusting an 
image forming parameter of at least one of said 
first and said second means responsively to 
said determined degree of actual misregistra- 
tion so as to correct for said determined actual 
misregistration. 

The color printer of claim 4, wherein said wide area 
beam sensor (124) includes; 

(a) a collimating lens (156); 

(b) a collecting lens (154) for collecting reflect- 
ed light rays (172); and 

(c) a photosensor array (146) for receiving re- 
flected light rays being transmitted through said 
collecting lens to generate (i) a total signal pro- 
portional to a total flux of said light rays being 
transmitted through said collecting lens, and (b) 
a diffuse signal proportional to a diffuse com- 
ponent (174) of the total flux. 

The color printer of claims 4 or 5, wherein said wide 
area beam sensor is mounted within the printer at 
a diffuse angle relative to said light source and pref- 
erably at a location downstream of imager assem- 
blies (26,40a-40c) for forming in proper registration 
different color component images so as to enable 
image registration calibration, misregistration cor- 
rection, and image formation in a single pass. 

The color printer of any one of claims 4 to 6, includ- 
ing a controller (28) for controlling said first and said 
second means to selectively (a) form series of sets 
of registration calibration marks comprising lines 
running orthogonally to the process direction for cal- 
ibrating process direction registration, as well as (b) 
form series of sets of registration calibration marks 
comprising lines running orthogonally to the cross- 
process direction for calibrating cross-process di- 
rection registration in the printer. 

The color printer of any one of claims 4 to 7, wherein 
said light source (142) comprises an erase lamp al- 



12 



23 



EP 0 744 669 B1 



24 



so usable for erasing charges from portions of the 
photoreceptive surface, and wherein said light 
source is preferably built into said wide area beam 
sensor. 

9. The color printer of any one of claims 4 to 8, wherein 
said image bearing member (10) is translucent and 
said light source (142) is mounted to the backside 
of the image bearing member. 

1 0. The color printer of any one of claims 4 to 9, wherein 
said predetermined different conditions of image 
misregistration include -2U, -1U, 0U, +1U, and +2U 
where 'IT is a unit of measure of image misregistra- 
tion. 



PatentansprOche 

1 . Grolifl3chenstrahl-(WAB)-Abtastkalibrierverfahren 
zum Bildausrichten in einem Farbdrucker mit elek- 
tronischem Steuerungs-Teilsystem (28), wobei das 
Verfahren die Schritte umfasst: 

(a) Speichem eines ersten und wenigstens ei- 
nes zweiten vorgegebenen Ausricht-Abweich- 
wertes (Cp1, Cp2), die einem ersten Zustand 
der Bildfehlausrichtung und wenigstens einem 
zweiten, davon abweichenden Zustand der 
Bildfehlausrichtung entsprechen, in dem elek- 
tronischen Steuerungs-Teilsystem durch den 
Drukker; 

(b) Erzeugen eines ersten Satzes (S1) von 
Ausricht-Kalibriermarkierungen (BM) einer er- 
sten Tonerfarbe auf einer ersten groften Fl ache 
und wenigstens eines zweiten Satzes von Aus- 
richt-Kalibriermarkierungen (S2) der ersten 
Tonerfarbe auf wenigstens einer zweiten gro- 
(Jen FISche eines bildtragenden Elements (10); 

(c) Ausbilden eines ersten Satzes mehrfarbiger 
Ausricht-Kalibriermarkierungen (MM) entspre- 
chend dem ersten Zustand der Bildfehlausrich- 
tung durch Erzeugen eines Satzes von Aus- 
richtmarkierungen (CM) einer anderen Toner- 
farbe in Bezug auf den ersten Satz von Markie- 
rungen der ersten Tonerfarbe, wobei eine von 
der ersten und der anderen Tonerfarbe 
schwarz und die andere nicht schwarz ist; 

(d) Ausbilden von wenigstens einem zweiten 
Satz (S2) mehrfarbiger Ausricht-Kalibriermar- 
kierungen (MM) entsprechend dem wenigstens 
zweiten Zustand der Bildfehlausrichtung durch 
Erzeugen eines weiteren Satzes von Ausricht- 

. markierungen (CM) der anderen Tonerfarbe in 
Bezug auf den wenigstens zweiten Satz von 
Markierungen (BM) der ersten Tonerfarbe, wo- 
bei eine von der ersten und der anderen Toner- 
farbe schwarz und die andere nicht schwarz ist; 



(e) Erstellen eines ersten und wenigstens eines 
zweiten tatsaxhlichen Lichtreflexions-Mess- 
wertes (Ca1, Ca2) durch Beleuchten des er- 
sten und des wenigstens zweiten Satzes mehr- 

5 farbiger Ausricht-Kalibriermarkierungen und 

durch Abtasten (124) der diffusen Reflexion 
(174) von jedem Satz mehrfarbiger Ausricht- 
Kalibriermarkierungen; 

(f) Vergleichen des erstellten ersten (Ca1) und 
10 wenigstens zweiten (Ca2) tatsachlichen Licht- 

reflexions-Messwertes mit dem gespeicherten, 
vorher festgelegten ersten (Cp1) und wenig- 
stens zweiten (Cp2) Ausricht-Abweichwert, urn 
ein tatsachlich vorhandenes Mali der Bild- 
*5 fehlausrichtung zu ermitteln, und 

(g) Einstellen eines Bildausbildungsparame- 
ters des Farbdruckers als Reaktion auf das tat- 
sachliche Mad der Bildfehlausrichtung, wo- 
durch eine derart ermittelte tatsachliche Bild- 

20 fehlausrichtung korrigiert wird. 

2. Verfahren nach Anspruch 1 , wobei Schritt (b) das 
Erzeugen des ersten Satzes von Ausricht-Kalibrier- 
markierungen (S1) auf der ersten grolien FlSche 

25 und vier weiterer Satze von Ausricht-Kalibriermar- 
kierungen (S2-S5) auf vier weiteren groften R§- 
chen des bildtragenden Elements umfasst und wo- 
bei der erste Satz von Ausricht-Kalibriermarkierun- 
gen (S1) vorzugsweise eine Mehrzahl voneinander 

30 beabstandeter Linienmarkierungen (MM) im ersten 
Satz und der wenigstens zweite Satz von Ausricht- 
Kalibriermarkierungen (S2) eine Mehrzahl an beab- 
standeten Linienmarkierungen (MM) in jedem der 
wenigstens zweiten Satze einschliefit. 

35 

3. Verfahren nach Anspruch 1 oder 2, wobei die 
Schritte (c) und (d) das Erzeugen von Satzen nicht 
schwarzer Tonermarkierungen (CM) umfassen, die 
lediglich in Bildausricht-Kalibrierungsrichtung die 

*o gleichen Abmessungen wie die entsprechende 
schwarze Tonermarkierung (BM) aufweisen, urn ei- 
ne Fehlausrichtung in der Kalibrierungsrichtung zu 
isolieren. 

45 4. Farbdrucker mit: 

(a) einem bildtragenden Element (10) mit Licht 
empfangender und zum Abbilden geeigneter 
Oberflache (11), das sich auf einem zuvor ge- 

so wahlten Weg entlangbewegt; 

(b) einer ersten Einrichtung (26, 30) zum Aus- 
bilden einer Mehrzahl erster Satze (S1-S5) von 
Ausricht-Kalibriermarkierungen mit schwar- 
zem Toner (BM) auf einer anderen grolien Fla- 

55 che der zum Abbilden geeigneten Oberflache, 

wobei jeder Satz mehrere voneinander beab- 
standete Markierungen (BM) aufweist; 

(c) einer zweiten Einrichtung (40a, 100a) zum 
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Ausbilden einer Mehrzahl zwerter Satze 
(S1-S5) von Ausricht-Kalibriermarkierungen 
mit nicht schwarzem Toner (CM), die der Mehr- 
zahl erster Satze von Ausricht-Kalibriermarkie- 
rungen mit schwarzem Toner entsprechen, ge- 5 
maG den vorher festgelegten, eingebauten an- 
deren Zustanden der Bildfehlausrichtung, urn 
mehrere Satze mehrfarbiger Ausricht-Kalibrier- 
markierungen (MM) zu erzeugen; 

(d) einer Lichtquelle (142) zum Erzeugen eines 10 
GroRflachenstrahls (172) zum Beleuchten je- 
den Satzesaus der Mehrzahl von Satzen mehr- 
farbiger Markierungen; 

(e) einem GroRflachenstrahl-(WAB)-Sensor 
(124) zum Erstellen eines tatsachlichen Licht- 15 
reflexions-Messwertes (Ca1-Ca5) von jedem 
beleuchteten Satz mehrfarbiger Markierungen 
durch Messen des Lichtes (174), das von je- 
dem beleuchteten Satz (S1-S5) aus der Mehr- 
zahl von Satzen mehrfarbiger Markierungen 20 
(MM) gestreut wird; 

(f) einer Vergleichseinrichtung (28) zum Ermit- 
teln eines Grades tatsachlicher Fehlausrich- 
tung zwischen den ersten Satzen schwarzer 
Tonermarkierungen und den zweiten Satzen 25 
nicht schwarzer Tonermarkierungen von jedem 
beleuchteten Satz mehrfarbiger Markierungen 
entsprechend jedem vorher festgelegten Zu- 
stand der Bildfehlausrichtung, indem dieser tat- 
sachliche Lichtreflexions-Messwert (Ca1-Ca5) 30 
von jedem beleuchteten Satz (S1-S5) mit dem 
gespeicherten, vorher festgelegten Ausricht- 
Abweichwert (Cp1-Cp3) fur den Satz vergli- 
chen wird, und 

(g) Vorrichtungen (1 37, 1 38, 1 39) zum Einstel- 35 
len eines Bildausbildungsparameters von we- 
nigstens einer von der ersten und der zweiten 
Einrichtung als Reaktion auf den ermittelten 
Grad der tatsachlichen Fehlausrichtung, urn 
die ermittelte tatsachliche Fehlausrichtung zu 40 
korrigieren. 

Farbdrucker nach Anspruch 4, wobei der GrofJfla- 
chenstrahl-Sensor (124) aufweist: 

45 

(a) eine Kollimatoriinse (1 56); 

(b) eine SammeUinse (154) zum Sammeln der 
reflektierten Lichtstrahlen (172) und 

(c) eine Fotosensoranordnung (146) zum Emp- 
fangen der durch die SammeUinse durchgefal- so 
lenen reflektierten Lichtstrahlen, urn (i) ein Ge- 
samtsignal, das proportional zu einem Gesamt- 
strom aus durch die SammeUinse durchgefal- 
lenen Lichtstrahlen ist, und (b) ein diffuses Si- 
gnal, das proportional zu einer diffusen Kom- 55 
ponente (174) des Gesamtstromes ist, zu er- 
zeugen. 



6. Farbdrucker nach Anspruch 4 Oder 5, wobei der 
GrofcflachenstrahJ-Sensor im Drucker in einem dif- 
fusen Winkel zu der Lichtquelle und vorzugsweise 
an einer den Bilderzeugungsbaugruppen (26, 40a- 
40c) zum Ausbilden von Bildern mit verschiedenen 
Farbkomponenten in korrekter Ausrichtung nach- 
gelagerten Stelle angebracht ist, urn die Bildaus- 
richt-Kalibrierurig, Fehlausrichtungskorrektur und 
Bilderzeugung in einem einzigen Durchlauf zu er- 
moglichen. 

7. Farbdrucker nach einem der Anspruche 4 bis 6 mit 
einer Steuerung (28) zum Ansteuem der ersten und 
zweiten Einrichtung, urn wahlweise (a) Gruppen 
von Ausricht-Kalibriermarkierungssatzen mit Lini- 
en, die orthogonal zur Prozessrichtung verlaufen, 
zwecks Kalibrieren der Prozessrichtungs-Ausrich- 
tung auszubilden und urn (b) Gruppen von Ausricht- 
Kalibriermarkierungssatzen mit Linien, die orthogo- 
nal zur Prozess-Querrichtung verlaufen, zwecks 
Kalibrieren der Ausrichtung der Prozess-Querrich- 
tung im Drucker auszubilden. 

. Farbdrucker nach einem der Anspruche 4 bis 7, wo- 
bei die Lichtquelle (142) eine Loschlampe umfasst, 
die ebenfalls zum Loschen von Ladungen aus Tei- 
len der Licht empfangenden Oberflache eingesetzt 
werden kann, und wobei die Lichtquelle vorzugs- 
weise in den Groftflachenstrahl-Sensor eingebaut 
ist. 

Farbdrucker nach einem der Anspruche 4 bis 8, wo- 
bei das bildtragende Element (10) lichtdurchl^ssig 
ist und die Lichtquelle (142) an der Ruckseite des 
bildtragenden Elements angebracht ist. 

1 0. Farbdrucker nach einem der Anspruche 4 bis 9, wo- 
bei die vorher festgelegten verschiedenen Zustan- 
de der Bildfehlausrichtung -2U, -1U, 0U, +1U und 
+2U einschlieften, wobei ,Lr eine Mafceinheit der 
Bildfehlausrichtung ist. 



Revendications 

1 . Procede de detection a faisceau de grande surface 
(WAB) d'etalonnage d'un alignement d'image dans 
une imprimante en couleur comportant un sous- 
systeme de commande electronique (28), le proce- 
de comprenant les etapes consistant a : 

(a) memoriser dans le sous-systeme de com- 
mande electronique une premiere et au moins 
une seconde valeur de decalage d'alignement 
predetermin6e (Cp1, Cp2) correspondant a 
une premiere condition de defaut d'alignement 
d'image et a au moins une seconde condition 
differente de defaut d'alignement d'image, par 
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rimprimante, 

(b) creer un premier ensemble (S1 ) de marques 
d'etalonnage d'alignement (BM) d'un toner 
d'une premiere couleur sur une premiere gran- 

de surface et au moins un second ensemble de 5 
marques d'etalonnage d'alignement (S2) de la 
premiere couleur de toner sur au moins une se- 
conde grande surface d'un element portant une 
image (10), 

(c) former conformement a la premiere condi- io 
tion de defaut d'alignement d'image, un premier 
ensemble de marques d'etalonnage d'aligne- 3. 
ment a couleurs multiples (MM) en creant un 
ensemble de marques d'alignement (CM) d'un 

toner de couleur differente par rapport au pre- *5 
mier ensemble de marques de la premiere cou- 
leur de toner, dans lequel Tun dudit premier to- 
ner et desdits toners de couleur differente est 
noir et I'autre non noir, 

(d) former conformement a au moins la secon- 20 

de condition de defaut d'alignement d'image, 4. 
au moins un second ensemble (S2) de mar- 
ques d'etalonnage d'alignement a couleurs 
multiples (MM) en creant un autre ensemble de 
marques d'alignement (CM) du toner de cou- 25 
leur differente par rapport au au moins second 
ensemble de marques (BM) de la premiere 
couleur de toner, dans lequel I'un dudit premier 
toner et desdits toners de couleur differente est 
noir et I'autre non noir, 30 

(e) produire une premiere et au moins une se- 
conde valeurs de mesure de facteur de re- 
flexion de lumiere reelle (Ca1, Ca2) en illumi- 
nant le premier et le au moins second ensem- 
bles de marques d'etalonnage d'alignement a 35 
couleurs multiples, et en detectant (124) le fac- 
teur de reflexion de diffusion (174) depuis cha- 
que ensemble de marques d'etalonnage d'ali- 
gnement a couleurs multiples, 

(f) comparer la premiere (Ca1) et la au moins *o 
seconde (Ca2) valeurs de mesure de facteur 

de reflexion de lumiere reelle produites a la pre- 
miere (Cp1 ) et la au moins seconde (Cp2) va- 
leurs de decalage d'alignement predetermi- 
nes memorisees de facon a" determiner une 45 
mesure reelle d'un defaut d'alignement d'ima- 
ge, et 

(g) ajuster un parametre de formation d'image 
de rimprimante en couleur en reponse a la me- 
sure reelle determinee du defaut d'alignement so 
d'image, en corrigeant ainsi un tel defaut d'ali- 
gnement d'image reelle determine. 

Procede selon la revendication 1 , dans lequel I'eta- 
pe (b) comprend la creation du premier ensemble 55 
de marques d'etalonnage d'alignement (S1) sur la 
premiere grande surface, et quatre ensembles sup- 
plemental de marques d'etalonnage d'aligne- 



ment (S2 a S5) sur quatre grandes surfaces sup- 
plementaires de I'element portant une image, et 
dans lequel le premier ensemble de marques d'eta- 
lonnage d'alignement (S1 ) comprend de preference 
un nombre multiple de marques de lignes espacees 
(MM) dans le premier ensemble, et le au moins un 
second ensemble de marques d'etalonnage d'ali- 
gnement (S2) comprend un nombre multiple de 
marques de lignes espacees (MM) dans chacun 
des au moins un second ensembles. 

Procede selon les revendication 1 ou 2, dans lequel 
les etapes (c) et (d) comprennent la creation d'en- 
sembles de marques de toner non noir (CM) qui 
sont chacune egales en dimension a la marque de 
toner noir correspondante (BM) uniquement dans 
la direction de I'etalonnage de I'alignement de I'ima- 
ge de maniere a isoler un defaut d'alignement dans 
la direction de I'etalonnage. 

Imprimante en couleur comprenant : 

(a) un element portant une image (10) compor- 
tant une surface photoreceptrice pouvant rece- 
voir une image (11) en vue d'un deplacement 
le long d'un trajet preselectionne, 

(b) un premier moyen (26, 30) destine a former 
sur une grande surface differente de la surface 
pouvant recevoir une image un nombre multi- 
ple de premiers ensembles (S1 a S5) de mar- 
ques d'etalonnage d'alignement de toner noir 
(BM), chaque dit ensemble comprenant des 
marques espacees multiples (BM), 

(c) un second moyen (40a, 100a) destine a for- 
mer un nombre multiple de seconds ensembles 
(S1 a S5) de marques d'etalonnage. d'aligne- 
ment de toner non noir (CM) correspondant a 
des conditions differentes incorporees prede- 
termines de defaut d'alignement d'image par 
rapport audit nombre multiple de premiers en- 
sembles de marques d'etalonnage d'aligne- 
ment de toner noir, conformement a celles-ci, 
en creant ainsi une serie d'ensembles de mar- 
ques d'etalonnage d'alignement a couleurs 
multiples (MM), 

(d) une source de lumiere (142) destinee a pro- 
duire un faisceau a grande surface (172) des- 
tine a illuminer chaque ensemble dudit nombre 
multiple d'ensembles de marques a couleurs 
multiples, • 

(e) un capteur de faisceau a grande surface 
(WAB) (124) destine a produire une valeur de 
mesure de facteur de reflexion de lumiere reelle 
(Ca1 a Ca5) a partir de chaque dit ensemble 
illumine de marques a couleurs multiples en 
mesurant la lumiere dispersee (174) depuis 
chaque dit ensemble illumine (S1 a S5) dudit 
nombre multiple d'ensembles de marques a 
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couleurs multiples (MM), 

(f) un dlspositif de comparaison (28) destin<§ a 
determiner un degre de defaut d'alignement 
reel entre lesdits premiers ensembles de mar- 
ques de toner noir et lesdits seconds ensem- 5 
bles de marques de toner noir de chaque en- 
semble illumine de marques a couleurs multi- 
ples correspondant a chaque condition prede- 
terminee de defaut d'alignement d'image en 
comparant ladite valeur de mesure de facteur w 
de reflexion de lumiere reelle (Ca1 a Ca5) a 
partir dudit chaque ensemble illumine (S1 a S5) 

a la valeur de decalage d'alignement predeter- 
mine memorisee (Cp1 a Cp3) pour ledit en- 
semble, et 15 

(g) des mecanismes (137, 138, 139) destines 
a ajuster un parametre de formation d'image 
d'au moins Tun dudit premier et dudit second 
moyens en reponse audit degre determine de 
defaut d'alignement reel de facon a coniger le- 20 
dit defaut d'alignement reel determine. 

imprimante en couleur selon la revendication 4, 
dans lequel ledit capteur de faisceau a grande sur- 
face (124) comprend : 25 

(a) une lentille de collimation (156), 

(b) une lentille collectrice (154) destinee a re- 
cueillir des rayons lumineux reflechis (172), et 

(c) un reseau de photodetecteurs (146) destine 30 
a recevoir des rayons lumineux reflechis qui 
sont transmis au travers de ladite lentille collec- 
trice afin de generer (i) un. signal total propor- 
tionnel a un flux total desdits rayons lumineux 

qui sont transmis au travers de ladite lentille 35 
collectrice, et (b) un signal de diffusion propor- 
tionnel a une composante de diffusion (174) du 
flux total. 



lement a la direction de traitement afin d'etalonner 
I'alignement dans la direction du traitement, de me- 
me que (b) former des series d'ensembles de mar- 
ques d'etalonnage d'alignement comprenant des li- 
gnes s'etendant orthogonalement a la direction 
transversale au traitement en vue d'etalonner un ali- 
gnement dans la direction transversale au traite- 
ment dans I'imprimante. 

Imprimante en couleur selon I'une quelconque des 
revendications 4 a 7, dans laquelle ladite source de 
lumiere (142) comprend une lampe d'effacement 
egalement utilisable pour effacer des charges de 
parties de la surface photoreceptrice, et dans la- 
quelle ladite source de lumiere est de preference 
incorporee dans ledit capteur de faisceau a grande 
surface. 

Imprimante en couleur selon I'une quelconque des 
revendications 4 a 8, dans laquelle ledit element 
portant une image (10) est translucide et ladite 
source de lumiere (142) est montee sur la face ar- 
rive de I'element portant une image. 

Imprimante en couleur selon I'une quelconque des 
revendications 4 a 9, dans laquelle lesdites condi- 
tions differentes predetermines de defaut d'aligne- 
ment d'image comprennent -2U, -1U, 0U, +1U, et 
+2U, ou "IT est une unite de mesure du defaut d'ali- 
gnement d'image. 



». Imprimante en couleur selon les revendications 4 <o 
ou 5, dans laquelle ledit capteur de faisceau a gran- 
de surface est monte a Hnterieur de I'imprimante 
suivant un angle de diffusion par rapport a ladite 
source de lumiere et de preference a un. emplace- 
ment en aval des ensembles de formation d'image 45 
(26, 40a a 40c) afin de former des images de com- 
posantes de couleur differentes avec un alignement 
correct de maniere a permettre un etalonnage de 
I'alignement d'image, une correction de defaut d'ali- 
gnement, et une formation d'image en une seule so 
passe. 

Imprimante en couleur selon I'une quelconque des 
revendications 4 a 6, comprenant un controleur (28) 
destine a commander ledit premier et ledit second 55 
moyens afin de former selectivement (a) des series 
d'ensembles de marques d'etalonnage d'aligne- 
ment comprenant des lignes s'etendant orthogona- 



16 



EP 0 744 669 B1 




FIG. 2 
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